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Background: Patients with neurodegenerative diseases usually experience significant functional 

deficits. Older adults with Parkinson’s disease (PD) and Alzheimer’s disease (AD) may suffer 

from both motor and cognitive impairments, making them especially vulnerable to poor dual-

task performance.

Objective: To analyze the dual-task cost of walking in subjects with PD and AD exposed to 

motor and cognitive distracters.

Methods: A cross-sectional study was conducted involving 126 older adults comprising 

three groups: PD (n=43), AD (n=38), and control (n=45). The subjects were evaluated using 

the Timed Up and Go (TUG) test administered with motor and cognitive distracters. Mixed-

design analysis of variance (ANOVA) with cognition as a covariant factor was used to test the 

possible main effects of dual-task on motion. A 5% threshold for significance was set, with a 

95% confidence interval (CI). The partial eta square (n2p) analysis was included to estimate 

the magnitude of effect.

Results: Examining the effects for dual-task, ANOVA revealed the main effect for group×task 

interactions (F=13.09; P=0.001; n2p =0.178), for task (F=8.186; P=0.001; n2p =0.063) but not 

for group (F=2.954; P=0.056; n2p =0.047). Cognition applied as a covariant factor indicated 

interference on dual-tasks (F=30.43; P=0.001; n2p =0.201).

Conclusion: The findings of this study suggest that dual-task interference is a particularly 

noticeable problem in PD and AD, affecting subjects’ ability to appropriately adapt to environ-

mental challenges.

Keywords: Parkinson’s disease, Alzheimer’s disease, motion, task performance and analysis, 

cognition

Introduction
Advanced aging often degrades fine motor skills, a process attributed to age-

associated alterations in several factors, including information processing, motor 

neuron  organization, and neuromotor activity. One important consideration when 

examining the influence of aging on neural activity and motor performance is task 

dependency.1 During everyday activities, people often need to perform more than one 

task simultaneously. The capacity to add a second task while walking, for example, 

is highly advantageous because it allows communication between people, transporta-

tion of objects from one location to another, and monitoring the environment so that 

threats to balance can be avoided.2

Dual-task performance involves the execution of a primary task, which is the major 

focus of attention, and a secondary task conducted at the same time. The motor and 

cognitive systems act reciprocally to ensure successful motion. Limitations in  dual-task 
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performance are usually attributed to action selection.3,4 When 

two tasks must be done, response time on the second task is 

increased when the stimulus occurs within a few hundred 

milliseconds after the onset of the first task stimulus. Thus, 

the human capacity for processing information is limited. It is 

known that individuals retain a limited amount of information 

in their working memory, and when one attempts to do several 

tasks at the same time, performance deteriorates.5

Problems executing dual-tasks commonly lead to mobil-

ity impairments. Early publications involving movement 

disabilities barely mentioned cognitive functioning. It is 

only in the last decade that we have begun to realize the 

impact of cognitive functioning on locomotion. Because 

gait is no longer considered an automatic task, the role of 

cognitive functioning has been increasingly recognized. In 

particular, two closely related cognitive domains, namely 

executive function and attention, clearly influence human 

movement.6,7

Patients with neurodegenerative diseases usually have 

significant functional deficits. Older adults with Parkinson’s 

disease (PD) and Alzheimer’s disease (AD) may suffer from 

both motor and cognitive impairments, making them espe-

cially vulnerable to poor dual-task performance. Functional 

decline, a phenomenon expected in PD and AD, is character-

ized by reduced ability to carry out everyday activities.8–10 

Typically thought to result from motor dysfunction, the 

challenges faced in these activities appear to also depend on 

cognitive status, especially executive processes.11,12

The meta-analysis conducted by Chu et al13 pointed to 

the need for more research to ascertain definite conclusions 

regarding the effect of task type and complexity. Although 

there are studies that already examined dual-task perfor-

mance in participants with PD and AD, several unanswered 

 questions remain, including whether all aspects of motion 

respond similarly to changes in attention and prioritization. 

 Therefore, this study aimed to assess the dual-task cost of 

walking in subjects with PD and AD who were submitted 

to cognitive and motor distracters.

Methods
Participants
In this cross-sectional design study, 126 males and females 

aged 60–80 years old at entry, were recruited into three 

groups: PD, AD, and control group (CG). All patients 

enrolled in this study were selected from an outpatient clinic 

 specializing in neurologic disorders.

We allowed for a 5% margin of error and a statisti-

cal power of 87% to calculate the necessary sample size. 

Based on this calculation, the minimal sample size should 

be 111 subjects (37 per group).

A research physician identified the subjects who met 

the following inclusion criteria: a) patients with idiopathic 

PD according to the UK Parkinson’s Disease Society brain 

bank clinical criteria,14 whose clinical profile indicated 

moderate impairment based on the Hoehn–Yarh scale15 and 

on the motor subscale of the Unified Parkinson’s  Disease 

Rating Scale;16 b) subjects diagnosed with AD based on 

the NINCDS–ADRDA criteria17 and with a moderate 

clinical profile according to the clinical dementia rating;18 

and c)  control peers with no chronic or neurodegenerative 

diseases. All participants were independent in performing 

basic activities of daily living (mobility, dressing, eating, 

and bathing).

Patients with cognitive impairment other than AD, and 

those with movement disorders that were not compatible 

with a diagnosis of idiopathic PD, such as secondary Parkin-

sonism, were excluded. Prescriptions were reviewed for cen-

tral nervous system-targeting medications and participants 

that were using sedatives, antidepressants, antipsychotics, 

and antiepileptics were disqualified. Subjects with congenital 

or acquired amaurosis and those with severe cardiovascular 

and musculoskeletal comorbidities (that preclude orthostat-

ism and deambulation) were also excluded. All subjects 

were sedentary, not performing any physical activity supe-

rior to 3 metabolic equivalent of tasks.

Procedures
The participants were screened in a private and quiet 

evaluation room in the Neurologic Outpatient Clinic of 

the State University of Campinas. Two researchers were 

trained to administer the tests and questionnaires used in 

the study. Intra- and inter-examiner reliability to cognitive 

and functional tests were verified using the Kappa index in 

a pilot study with PD and AD patients, resulting in a sub-

stantial magnitude of agreement (0.81k1.0).19 Prior to 

testing, all subjects were interviewed about their medical 

history, and the research procedure was explained to them 

and their families.

Regarding the data appraisal, a semi-structured interview 

was used to collect demographic and clinical information. 

The subject’s cognitive function was assessed using the 

Mini-Mental State Examination.20 The Timed Up and Go 

test (TUG)21 was administered to assess mobility in patients 

during cognitive and motor dual-task performance.

The Mini-Mental State Examination is composed of 

questions grouped into seven categories, each designed to 
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evaluate specific cognitive functions: time orientation, place 

orientation, three-word register, attention and calculation, 

immediate and delayed recall of three words, language, and 

visuoconstructive praxis. The scores vary from 0 to 30 points, 

and lower values represent a possible cognitive decline.22

The TUG is a mobility test that requires both static and 

dynamic balance activation. It measures the time required for a 

person to rise and stand up from a 17-inch chair, walk a distance 

of 9.84 feet, turn, walk back to the chair, and sit down. A longer 

time to complete the task indicates an increased risk of falls. 

Using TUG under a motor and a cognitive dual-task condition, 

patients were asked to: a) accomplish the task of holding a cup 

with 200 mL of water in the dominant hand; and b) accomplish 

the task of performing a numerical  progressive odd count (ie, 

one, three, five, seven, nine, etc). Previous studies support the 

use of this instrument with dual-tasks in obtaining reliable 

outcome measures for use with people in PD and AD.23–25

The TUG tests were administered after a full explanation 

and once the patients understood the procedure, with one 

 practice trial incorporated for each condition. The applica-

tion order was normal test, TUG with motor distracter, and 

TUG with cognitive distracter, with a 5 minute rest between 

tests. The subjects were advised to observe the task prior-

ity (walking without spilling the contents of the cup and 

walking and maintaining the accuracy of the count) but as 

fast as possible, safely, and with no help from any assis-

tive devices (crutch,  walking cane, or other). Prior to the 

cognitive test, the authors assessed the patient’s capacity 

for counting to see if there was a shift in the prioritization 

of task performance.

All assessments were conducted in the morning to 

 standardize comparisons between the patients. Subjects with 

PD and AD were tested while on their medications.

statistical analysis
The data were first analyzed using descriptive statistics. 

Shapiro–Wilk and Levene’s tests were applied to determine 

the parametric character of the data.

Sociodemographic and clinical profiles of the groups 

were calculated using one-way analysis of variance 

(ANOVA) and the chi-square test (χ2). To estimate the main 

effects of dual tasks on motion (ie, differences among tasks 

and clinical conditions), we applied mixed-design ANOVA 

with “task” and “group” as factors.  Covariant factors were 

used in the cases with baseline differences and t-tests with 

Bonferroni corrections for multiple testing were applied. 

A 5% threshold for significance was set for these analyses 

(P0.05) with a 95% confidence interval (CI). The partial 

eta square (n2p) analysis was included to estimate the 

magnitude of effect.

Ethical approval was obtained from a local research ethics 

committee, and this study complied with the Declaration of 

Helsinki. Informed consent forms were signed by all subjects 

participating in this study. For AD subjects, the patient’s next 

of kin (usually the main informal  caregiver) was approached 

to give informed consent.

Results
The sample of 126 subjects comprised three groups. 

Table 1 summarizes the subjects’ sociodemographic and clinical 

 characteristics. There were no statistical differences between 

the groups in sample size (χ2=619; P=0.734), sex distribution 

(χ2=7.33; P=0.197), clinical impairment (χ2=7.63; P=0.540) 

and education level (χ2=27.446; P=0.195). One-way ANOVA 

test indicated differences between the groups for age (F=9.45; 

P=0.001), with differences between AD and PD (95% CI 

=−12.14 to −2.28; P=0.002), AD and CG (95% CI =3.49 to 

13.24; P=0.001), but not PD and CG (95% CI =−3.56 to +5.87; 

P=0.830). Similarly, the one-way ANOVA test pointed to differ-

ences between the groups for cognition (F=11.875; P=0.001), 

with a significant difference between AD and PD (95% CI =9.96 

to 15.14; P=0.001) and AD and CG (95% CI =12.31 to 17.44; 

P=0.001). There was no difference for cognition between PD 

and CG (95% CI =−4.80 to 0.15; P=0.073).

Dual-task performances
Figure 1 show participants’ performance in each dual-task 

activity. Analyzing the effects for dual-task performance in 

the three groups, mixed-design ANOVA pointed to a main 

effect for group×task interaction (F=13.09; P=0.001; n2p 

=0.178), for task (F=8,186; P=0.001; n2p =0.063) but not 

for group (F=2.954; P=0.056; n2p =0.047).

Table 1 Group characterization according to sociodemo-
graphic data

Variables PD AD CG P-value

sample size 43 38 45 0.98
sex  
(male:female)

23:20 18:20 23:22 0.197

age (years)* 65.09–70.94 72.07–78.39 64.18–69.54 0.001
MMse* 23.44–25.76 9.78–14.32 25.96–27.91 0.001
education  
(years)*

3.90–4.79 4.50–5.59 4.98–6.48 0.195

clinical  
impairment*

2.52–3.00 2.17–2.61 – 0.540

Note: *Data are presented as 95% confidence interval.
Abbreviations: aD, alzheimer’s disease; cG, control group; MMse, Mini-Mental 
state examination; PD, Parkinson’s disease.
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Paired analyses indicated that subjects with PD presented 

with the most difficulty under the motor dual-task conditions 

(95% CI: 23.39–36.85), followed by the cognitive dual task 

(95% CI: 20.31–33.44) and the single-task conditions (95% 

CI: 18.69–30.86). Important differences were found in all 

pairwise comparisons in the AD group, such that patients with 

AD experienced the most difficulty on the cognitive dual task 

(95% CI: 54.32–78.25), followed by the motor dual task (95% 

CI: 46.87–67.75), and single task (95% CI: 42.79–62.38). 

The dual-task conditions did not affect motion patterns in the 

control group during the single task (95% CI: 18.69–30.86), 

motor dual task (95% CI: 23.38–36.85), or cognitive dual 

task (95% CI: 20.31–33.44).

As we identified baseline differences for age, a covariant 

factor was used to analyze the effect of this variable with 

regards to the results. Applying mixed-design ANOVA with 

aging as a covariant, we found that subjects’ age did not 

affect their performance on the tasks (F=0.759; P=0.469; 

n2p =0.006). Similarly, a covariant factor was used to see 

the effect of  cognition on dual tasks. The analysis showed 

the main effect for cognition×task interaction (F=30.43; 

P=0.001; n2p =0.20), indicating that this variable interfered 

on motion.

Discussion
Falling is the leading cause of fatal and nonfatal injuries in 

the older adult population and is a significant public health 

 concern.26 Results from our study support the concept that 

older adults with a moderate impairment of PD and AD 

 experience marked deterioration when required to per-

form either a motor or a cognitive secondary task under a 

sit-to-walk condition. As observed, the time required showed 

significant variation according to the tasks performed by the 

subjects. Identification of potentially modifiable risk factors 

is important for developing fall prevention strategies and 

interventions.

A general consensus holds that neurodegenerative 

 disorders compromise behavioral motor function due to 

encephalic disturbances. The influence of alterations in cog-

nition or motor control on performing dual tasks can be an 

indicator of the functional status of a patient during illness 

or rehabilitation. In the literature, such alteration is usually 

regarded as motor-cognitive interference.27

The present findings demonstrate that the effects of dual 

tasks are feature specific (ie, there are differences between PD 

and AD patients). Thus, we speculate that in certain patient 

groups (eg, post-stroke or other neurological conditions) the 

ability to maintain stability during dual-task performance 

might also be impaired.

Motion deficits are one of the most common negative 

consequences of PD. Patients with PD share many fall risk 

factors with the general older adult population, and while 

clearly not identical, the profiles of motor and cognitive 

 deficits overlap. Our findings are consistent with those 

reported by Wild et al,28 where subjects with PD gave prior-

ity to the test itself while their cognitive and motor dual-task 

performance suffered.

Executive function is defined as a set of cognitive skills 

required for planning, monitoring, and executing a sequence 

of goal-directed complex actions.27 Attention, problem 
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Figure 1 Timed Up and Go test applied in each task.
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 solving, working memory, and judgment may be considered 

specific examples of executive function. The term encom-

passes various processes related to how an organism becomes 

receptive to stimuli and how it begins to process internal or 

external excitation. Previous articles have shown significant 

associations between executive abilities and self-reported 

measures of physical functioning, particularly for day-to-day 

activities.27,29

Corroborating with the Pettersson et al30 findings, in our 

study participants with AD were slower and had difficulties 

in dual-task performance requiring concurrently performing 

a cognitive task while walking. In fact, most changes com-

monly seen in AD are related to metabolic changes in cells 

in the associative cortex and in the hippocampal complex.31 

Reductions in glucose use and perfusion occur in the inferior 

parietal lobules, posterior superior temporal sulcus, precu-

neus, posterior cingulate cortex, and orbitofrontal cortex. 

According to Marshall et al,32 the cingulate gyrus and the 

orbitofrontal cortex are vital for these cognitive processes 

and may be an explanation for the difficulty of patients with 

AD in performing dual tasks.

The change in cognitive modulation and the decision-

making challenges at the end of the TUG test (ie, to return 

and sit in the chair while keeping the progressive numeri-

cal count) is likely to be influenced by neural apoptosis 

commonly seen in the prefrontal cortex of AD patients, 

which is linked to difficulty in performing complex tasks. 

Although one may argue that it does not seem clear whether 

differences are due to executive deficits, working memory 

pitfalls or neurological impairment, one has to consider the 

study developed by Yogev-Seligmann et al33 where patients 

subjected to dual-task activities find themselves having to 

prioritize one action, which leads to simultaneous activation 

of the prefrontal cortex and anterior cingulate gyrus – both 

areas commonly affected in AD patients.

After a cerebral lesion, motor–cognitive interference 

can occur, making previously automatic activities require a 

control process that increases attention demands. A major 

goal for people with PD and AD is to help them perform 

both basic and instrumental daily activities with a low risk 

of falling. Important strategies also involve the practice of 

systematic exercise programs and to teach patients to avoid 

simultaneous tasks whenever possible so as to prevent diver-

sion of attention from taking long strides.34

The manner in which instructions are phrased has an 

important role in the way individuals perceive an activity. 

The translation or understanding of instructions could be 

a determining factor in performing the task. Thus, we used 

simple and easily understood tests, although we could not 

measure if participants prioritized one task over the other.

While we believe this study does have merits, the 

 limitations should be pointed out. One limitation is that we 

used cross-section data that do not allow us to assess causal 

relationships. Longitudinal research aimed at assessing the 

predictive value of cognitive functions on motion is needed 

to better understand the mechanisms whereby the central 

nervous system affects physical function in later years, and 

to identify possible target areas for interventions.

Another limitation is that the number of patients recruited 

was relatively small, forcing us to only examine patients 

with moderate clinical profiles. This may limit the ability to 

generalize our findings to the whole PD or AD population. 

Thus, further studies should investigate a larger and more 

heterogeneous sample, perhaps supplemented with more 

detailed cognitive testing.

Furthermore, the groups were different with regards 

to age. However, as evidenced by the magnitude of effect 

(n2p =0.006), the age difference did not exert significant 

interference in the results.

In summary, findings of this study suggest that the 

 dual-task cost of walking is a particularly noticeable problem 

in PD and AD, affecting subjects’ ability to appropriately 

adapt to environmental challenges. These results further 

highlight the importance of cognition for the performance of 

certain complex tasks. Even when the locomotor apparatus is 

preserved, cognitive deficits alter motion, which is primarily 

evident in the performance of non-automatic activities.

Additional studies should investigate a larger and more 

heterogeneous sample to ensure that the results are applicable 

to the general populations of PD and AD patients.
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